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D scription 

[0001] This Invention relates to support structures for 
superconducting magnets. In particular, the Invention 
relates to structures for supporting magnet coils of an 
active magnetic shielding system. 
[0002] As is well known, a coiled magnet, if wound 
with wire possessing certain characteristics, can be 
made superconducting by placing It In an extremely cold 
environment, such as by enclosing It in a cryostat or 
pressure vessel containing liquid helium or other cryo- 
gen. The extreme cold reduces the resistance in the 
magnet colls to negligible levels, such that when a pow- 
er source Is initially connected to the coll (for a period, 
for example, of 10 minutes) to introduce a current flow 
through the coils, the current will continue to flow 
through the coils due to the negligible resistance even 
after power is removed, thereby maintaining a magnetic 
field. Superconducting magnets find wide application, 
for example, in the field of magnetic resonance imaging 
(hereinafter "MRI"). 

[0003] The modern MRI system requires a high- 
strength uniform magnetic field In a large imaging vol- 
ume, for example, a field having an inhomogenelty of a 
few parts per million over a spherical volume having a 
diameter of 40-50 cm. The signal-to-noise ratio of MRI 
is proportional to the field strength in the Imaging region. 
To have a high-quality image, the field strength for MRI 
is usually required to be larger than 0.5 T and up to 2 or 
3 T. On the other hand, the stray field produced by such 
a magnet must be limited to a small volume to minimize 
the environmental Impact of a magnet of such large size. 
For example, since an MRI system is often installed In 
hospitals, which contain various electronic equipment 
and extraneous magnetic fields surrounding the MRI 
system location, the equipment must be isolated from 
the MRI magnetic field and the MRI system must be 
shielded from surrounding magnetic fields. Generally, 
the 5-Gauss line of a MRI magnet cannot be over about 
2.5 m radially and 4.0 m axially. Active shield supercon- 
ducting magnet technology was developed to meet the 
foregoing design goals. 

[0004] A typical active shield magnet consists of two 
sets of superconducting coils. An inner set of coils, usu- 
ally called the main magnet coils, produce a uniform 
magnetic field of large magnitude In a imaging volume. 
The conventional support structure for the main magnet 
coils is a circular cylindrical aluminum drum. The main 
coils are wound separately around stainless steel bob- 
bins, placed in grooves machined in the drum and 
spaced axially along the Inside of the drum. Another set 
of outer magnet colls, usually called bucking coils, are 
spaced from and surround the main coils, and are sup- 
ported by a structure which is secured to the drum. The 
bucking coils carry currents in the direction opposite to 
the direction of currents being carried by the main coils 
so as to cancel the stray magnetic field outside the mag- 
net. This is called active magnetic shielding. 



2 

, [0005] However, in the process of energizing the mag- 
nets, or ramping the magnets to field, and in cooling the 
coils to superconducting temperatures, the coils are 
subjected to significant thermal and electromagnetic 

5 loading. As a result, actively shielded magnets pose dif- 
ficult problems In terms of structural support. The prin- 
cipal reason for utilizing actively shielded magnets, as 
opposed to a passively shielded system, is that the latter 
would require masislve anrK)unts of magnetic material. 

10 such as iron, around the magnet, which would increase 
both the weight and volume of the system considerably 
To minimize weight and volume through use of bucking 
coils, and thus realize the objectives of active magnetic 
shielding, it Is important that the support structure for 

IS the bucking coils be relatively lightweight and yet with- 
stand the significant magnetic and thermal loads placed 
upon it during energization and operation of an MRI sys- 
tem. It is also Important that the bucking coils maintain 
close positional accuracy, notwithstanding the signlfi- 

20 cant thermal loads during initial operation or cooldown 
of the MRI, and notwithstanding the electromagnetic 
loads generated during energization and operation. As 
a result, there are conflicting thermal, magnetic and me- 
chanical considerations and factors which must be bat- 

2S anced and compromised to obtain an acceptable buck- 
ing coil assembly. 

[0006] Thus, a conventional active shield magnet has 
a very complicated structure and has been expensive 
to build. An example of a known active shield magnet is 

30 described in U.S. Patent No. 5,237,300. In accordance 
with that arrangement as shown in FIG. 1 annexed here- 
to, a plurality of main magnet colls 4a-4f produce a high- 
ly uniform magnetic field of large magnitude. The main 
coils are supported by a circular cylindrical drum 2 within 

3S machined pockets or grooves. Drum 2 is typically made 
of aluminum alloy. A pair of bucking coils 10a and 10b 
concentrically surround portions of drum 2 and main 
magnet coils 4a-4f. The bucking colls carry currents in 
a direction opposite to the direction in which currents 

40 are carried by the main magnet coils, thereby providing 
cancellation of magnetic fields in the region outside the 
MRI system. The bucking coils are supported on buck- 
ing coil support cylinders or bands 6 and 6, respectively 
The supports for the bucking coils include a plurality of 

45 struts or plates 12 extending angularly outward from 
drum 2, or from bands 16 around the drum, to bucking 
coll support cylinders 6 and 8, with spacing rods 14 ex- 
tending axially between the bucking coil support cylin- 
ders. 

so [0007] EP-A-0,41 4,528 describes a superconducting 
magnet which has ferromagnetic compensation rings 
positioned coaxially around its bore axis. The supercon- 
ducting magnet coils are supported in circumferential 
grooves in a cylindrical coil former. 

55 [0008] EP-A-0,468,415 describes a magnet assem- 
bly according to the preamble of claim 1 for a supercon- 
ducting magnet with coaxial inner and outer coils, each 
supported in circumferential grooves in coil-formers. A 
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conducting ring is mounted outside the working volume 
to counter the effects of transient magnetic fields by pro- 
ducing an opposing field. 

[0009] According to the present invention there is pro- 
vided a magnet assembly for a superconducting magnet 
as claimed in claim 1 of the accompanying claims. 
[0010] In one embodiment, the invention is an im- 
proved actively shielded superconducting magnet In 
which the main coils are directly wound onto the outer 
circumferential surface of a circular cylindrical coil sup- 
port structure made of glass fiber-reinforced epoxy. Sim- 
ilarly, the buclcing coils are directly wound on the outer 
circumferential surface of another circular cylindrical coil 
support structure made of glass fiber-reinforce depoxy 
and having a diameter greater than the diameter of the 
main colt support structure. Several layers of aluminum 
overwrap tape are wrapped on top of the main and buck- 
ing coil windings to constrain radially outward displace- 
ment of the coils during magnetenergization. 
[0011] In accordance with a preferred embodiment of 
the invention, the main coil cartridge and the bucking 
coil cartridge are held in a fixed concentric relationship 
via a pair of flanges located at opposite ends of a helium 
vessel. During manufacture of the main and bucking coil 
cartridges, the outer diameters of the respective coil 
support structures are machined with high precision. Al- 
so, two concentric grooves are machined on the inner 
surface of each helium vessel end flange. The respec- 
tive diameters of these two grooves are precisely ma- 
chined to match the outer diameter of the main and 
bucking coil support structures, s so that at room tem- 
perature the main and bucking coil cartridges can slide 
smoothly into these grooves. 

[0012] The helium vessel is made of aluminum alloy 
and has a coefficient of thermal expansion which is 
greater than that of the fiber-reinforced epoxy coil sup- 
port structures. When the helium vessel is filled with liq- 
uid helium, the helium vessel end flanges hold the main 
and bucking coil cartridges tightly with a predetermined 
amount of interference due to differential contraction of 
the aluminum alloy and the fiber-reinforced epoxy ma- 
terials. This not only provides mechanical support to the 
main and bucking coil cartridges, but also completely 
fixes the relative radial positions of the main and bucking 
coil cartridges so that their concentricity is assured. 
[0013] The relative axial positions of the main and 
bucking coil cartridges are fixed using the same working 
principle. The depth of the grooves on the helium vessel 
end flanges is also precisely machined. During magnet 
assembly, one of the helium vessel end flanges is first 
positioned in a flat platfomi. The main and bucking coil 
cartridges are each vertically inserted and seated on the 
flange grooves and then locked by a set of keys. The 
inner and outer cylinders and the other end flange of the 
helium vessel are then assembled and welded together 
After cooldown of helium vessel and ma g net assembl y, 
the axial differential contraction between the aluminum 
alloy helium vessel aind the fiber-reinforced epoxy coil 



support structures will close any axial gaps between the 
helium vessel end flanges and the coil support stnjc- 
tures and provide a firm support to the main and bucking 
coil cartridges. 

s [0014] The helium vessel/magnet assembly Is then in- 
stalled in a typical cryogenic vacuum enclosure which 
is fitted with peripheral equipment to produce magnetic 
resonance images. 

[001 5] An embodiment of the invention will now be de- 
70 scribed, by way of example, with reference to the ac- 
companying drawings, in which:- 
[0016] FIG. 1 is a schematic diagram depicting a side 
sectional view of a conventional actively shielded super- 
conducting magnet assembly. 
ts [0017] FIG. 2 is a schematic diagram depicting an in- 
terior end view of a helium vessel/magnet assembly in 
accordance with the preferred embodiment of the inven- 
tion. 

[0018] FIGS. 3-5 are schematic diagrams depicting 

20 respective partial sectional views of the helium vessel/ 
magnet assembly shown in FIG. 2, with the sections be- 
ing taken along lines 3-3, 4-4 and 5-5, respectively 
[0019] Referring to FIG. 2. the magnet assembly in 
accordance with the preferred embodiment of the inven- 

25 tion comprises a leaktight vessel filled with liquid helium 
or other cryogen (hereinafter "helium vessel"). The he- 
lium vessel comprises a pair of mutually parallel, op- 
posed end flanges 24, only one of which is shown in the 
drawings. Each end flange is an annular plate, prefera- 

30 biy fabricated from aluminum alloy. The helium vessel 
further comprises an outer cylindrical wall 20 and an in- 
ner cylindrical wall 22, also made of aluminum alloy. 
Walls 20 and 22 are mutually concentric, with wall 20 
having a radius greater than that of wall 22. As seen in 

35 FIG. 3, the ends of wall 20 are respectively welded to 
the outer peripheries of the end flanges 24 (weld W1), 
while the ends of wall 22 are respectively welded to the 
inner peripheries of the end flanges (weld W2). The final 
enclosed welded assembly has a generally toroidal 

40 shape. 

[0020] In accordance with the preferred embodiment 
of the invention, the helium vessel contains a main coil 
cartridge 26 and a bucking coil cartridge 28 (see FIG. 
2). Both cartridges are generally circular cylindrical, with 

45 the radius of cartridge 28 being greater than the radius 
of the cartridge 26. The main coil cartridge 26 has an 
inner circumferential surface of radius greater than the 
radius of the outer circumferential surface of the helium 
vessel Inner cylindrical wall 22., Similarly, the bucking 

50 coil cartridge 26 has an outer circumferential surf ace of 
radius less than the radius of the Inner circumferential 
surface of the helium vessel outer cylindrical wall 20. 
[0021] As shown in FIG, 3. the main coil cartridge 26 
comprises a main magnet coil support 27 and a plurality 

55 of main magnet coils (typically six or more) arranged in 
annular grooves formed on the outer circumferential 
surface of main magnet coil support 27. FIG. 3 shows 
only three of those main magnet coils designated 36a, 
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36b and 36c. The main magnet coils are directly wound 
on coil support 27 with specified tensions, typically 1 3.6 
- 27:2 Kg (30-60 lbs.). Similarly, the bucking coll car- 
tridge 28 comprises a bucking-magnet coil support 29 
and a plurality of bucking magnet colls (typically two or s 
more) arranged in annular grooves formed on the outer 
circumferential surface of bucking magnet coil support 
29. FIG. 3 shows only one of those bucking magnet coils 
designated 38. The bucking magnet coils are directly 
wound on coil support 29 with the same specified ten- 
sions. The coil support structures 27 and 29 are both 
made of glass fiber-reinforced epoxy. Several layers of 
aluminum ovenvrap tape 40 (typically 4 to 8 layers) are 
wrapped on top of the main and bucking coil windings 
to constrain radially outward displacement of the coils 
during magnet energization. 

[0022] The coil supports 27 and 29 are held in a fixed 
concentric relationship by the end flanges 24 located at 
opposite ends of the helium vessel. During manufacture 
of the main and bucking coil cartridges, the outer diam- 
eters of the respective coil supports 27 and 29 are ma- 
chined with high precision. Also, two concentric grooves 
are machined on the Inner surface of each helium vessel 
end flange 24. The respective diameters of these two 
grooves are precisely machined to match the outer di- 
ameter of the main and bucking coil supports 27 and 29, 
80 that at room temperature the main and bucking coil 
cartridges can slide smoothly into these grooves. The 
ends of main magnet coil support 27 are inserted in the 
smaller-radius annular grooves formed In the respective 
end flanges 24, and the ends of bucking magnet coil 
support 29 are inserted in the larger-radius annular 
grooves formed in the respective end flanges, as shown 
for one end flange in FIG. 3. 

[0023] The helium vessel is made of aluminum alloy 
and has a coefficient of thermal expansion which is 
greater than that of the fiber-reinforced epoxy coil sup- 
port structures. When the helium vessel is filled with liq- 
uid helium, the temperature of the helium vessel and 
magnet cartridges therein drops, causing the respective 
materials to contract. Due to differential contraction of 
the aluminum alloy and the glass fiber-reinforced epoxy, 
the helium vessel contracts more than the coil supports. 
One result of this differential thermal contraction is that 
each helium vessel end flange 24 holds the main and 
bucking coil cartridges 26 and 28 tightly with a prede- 
termined amount of interference. This provides me- 
chanical support to the main and bucking coil cartridges, 
and also fixes the relative radial positions of the main 
and bucking coll cartridges so that their concentricity is 
assured. 

[0024] Another result of differential thermal contrac- 
tion is that the relative axial positions of the main and 
bucking coil cartridges are fixed. During fabrication of 
the helium vessel end flanges, the depth of the annular 
grooves on each end flang e 24 is precisely machined. 
During magnet assembly, one of the helium vessel end 
flanges is placed flat on a platform. Then the main and 



bucking coil cartridges are each vertically inserted in a 
respective annular groove until the radial endfaces of 
the inserted ends of the coil supports are seated on the 
bottom walls of the annular grooves in the end flange. 
The main magnet coil cartridge 26 Is then locked against 
the end flange 24 by installing a plurality of latches 30 
around the circumference of the main magnet coil car- 
tridge 26, as seen in FIG. 2. 

[0025] Referring to FIG. 5. each latch 30 is attached 
to the end flange 24 by a threaded fastener 44. The latch 
30 has a projection which abuts lip 27a when fastener 
44 is fully tightened, so that at that location the projection 
blocks axiai displacement of inner coil support 27 in a 
direction away from the end flange. Installation of a plu- 
rality of latches 30 at intervals around the circumference 
(see FIG. 2) sen/es to lock the main magnet coil car- 
tridge 26 against axial displacement relative to the end 
flange 24, as well as preventing yawing of cartridge 26 
relative to the vessel centertine during subsequent as- 
sembly procedures. 

[0026] The bucking magnet coil cartridge 28 is held 
axially against the end flange 24 by means of a T- 
shaped key 34, shown in side profile In FIG. 4. The side 
of the key head confronting the end flange has a cham- 
fer which defines a weld groove filled with weld material 
to form weld W3. by which key 34 and end flange 24 are 
joined. The shaft of key 24 fits snugly in a radial bore 46 
of circular cross section which is machined in the buck- 
ing magnet coil support 28. Thus, when key 34 is welded 
to the end flange 24, axial displacement of outer coil 
support 29 in a direction away from the end flange is 
blocked at that location. Installation of a plurality of latch- 
es 34 at intervals around the circumference (see FIG. 
2) serves to lock the bucking magnet coil cartridge 28 
against axial displacement relative to the end flange 24, 
as well as preventing yawing of cartridge 28 relative to 
the vessel centerline during subsequent assembly pro- 
cedures. 

[0027] Referring to FIG. 2, relative circumferential dis- 
placement of magnet coil cartridges 26 and 28 is pre- 
vented by installation of a pair of bar-shaped keys 32. 
Each key 32 is attached to the end flange 24 by means 
of a pair of threaded fasteners 42 (see FIG. 4). Key 32 
is provided with a rounded radial slot 52, through which 
the shafts of fasteners 42 pass. In the installed position, 
one end of key 32 is Interlocked with an axial groove 48 
fomied in lip 27a of Inner coil support 27, and the other 
end of key 32 is interlocked with a radial groove 50 
formed in the endface of outer coil support 29 which con- 
tacts the radially outer annular groove In the end flange. 
[0028] After the cartridges 26 and 28 are secured to 
the end flange 24, the Inner cylindrical wall 22, the outer 
cylindrical wall 20 and the other end flange (not shown) 
of the helium vessel are assembled and welded togeth- 
er. After cooldown of the helium vessel and magnet as- 
sembly. the axial differential contraction between the 
aluminum alloy helium vessel and the fiber-reinforced 
epoxy coil supports will close any axial gaps between 
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the helium vessel end flanges and the coil supports and 
provide a firm support to the mam and bucking coil car- 
tridges. 



Claims 

1. A magnet assembly for a superconducting magnet 
comprising a cryogen vessel having opposed first 
and second end (24) flanges, an outer cylindrical 
wall (20) having first and second ends respectively 
connected to the first and second end flanges, an 
inner cylindrical wall (22) having first and second 
ends respectively connected to the first and second 
endflanges, the inner cylindrical wall (22) being sur- 
rounded by the outer cylindrical wall (20). a circular 
cylindrical inner coil support (27) contained in the 
vessel for a first magnet coil, and a circular cylindri- 
cal outer coil support (29) contained in the vessel 
for a second magnet coil; 

the outer coil support having a first circumfer- 
ential groove formed on its outer surface; 
the inner coil support having a first circumfer- 
ential groove formed on its outer surface; 
the first magnet coil supported by the inner coil 
support being a main magnet coil (36a,b,c) ar- 
ranged in the first circumferential groove and 
wound directly on the inner coil support; and 
the second magnet coil supported by the outer 
coil support being a bucking magnet coil (3B) 
arranged in the first circumferential groove and 
wound directly on the outer coil support; 
the inner and outer circular cylindrical walls be- 
ing made of a first material having a first coef- 
ficient of thermal expansion, and the inner and 
outer coil supports being made of a second ma- 
terial having a second coefficient of thermal ex- 
pansion, characterized in that the second coef- 
ficient of thermal expansion is less than the first 
coefficient of thermal expansion; 
the first and second end flanges each have mu- 
tually concentric first and second annular 
grooves formed on an inner face thereof, the 
first annular groove having a radius less than 
the radius of the second annular groove; 
the circular cylindrical outer coil support having 
first and second ends inserted In the second an- 
nular grooves of the first and second end flang- 
es, respectively, and 

the circular cylindrical inner coil support having 
first and second ends inserted in the first annu- 
lar grooves of the first and second end flanges, 
respectively. 

2. _The_magnet assembl y of claim 1 wherein the outer 

coil support (29) has a second circumferential 
groove formed on its outer surface and the inner coil 



support (27) has a second circumferential groove 
formed on Its outer surface, and wherein a further 
main magnet coil is arranged in the second circum- 
ferential groove in the inner coil support and a fur- 
5 ther bucking magnet coll is arranged In the second 
circumferential groove in the outer coil support. 

3. The magnet assembly of claim 1 wherein the first 
and second ends of the outer cylindrical wail are 

10 welded (W1 , W2) to a radially outer periphery of the 
first and second end flanges, respectively and the 
first and second ends of the inner cylindrical wall 
are welded to a radially inner periphery of the first 
and second end flanges, respectively 

75 

4. The magnet assembly of any one of the preceding 
claims wherein a latch (30) is attached to the first 
end flange by a threaded fastener (44), the latch 
having a projection which abuts a portion of the in- 

20 ner coil support and blocks axial displacement of 
the portion of the inner coil support in a direction 
away from the first end flange. 

5. The magnet assembly of any one of the preceding 
25 claims wherein a key (34) is welded (W3) to the first 

end flange, the key having a projection which fits in 
a recess (46) formed in a portion of the outer coil 
support and blocks axial displacement of the portion 
of the outer coil support in a direction away from the 
30 first end flange. 

6. The magnet assembly of any one of the preceding 
claims wherein a key (32) Is attached to the first end 

flange by first and second threaded fasteners (42), 
35 the key being configured and arranged such that a 
first end of the key projects into a groove (48) in the 
inner coil support and a second end of the key 
projects into a groove (50) in the outer coil support, 
the key preventing relative circumferential displace- 
40 ment of the second magnet coil and the first magnet 
coll. 

7. The magnet assembly of any one of the preceding 
claims wherein the first material is a metal alloy and 

45 the second material is reinforced epoxy. 

8. The magnet assembly of claim 7 wherein the first 
material is aluminum alloy and the second material 
is an epoxy reinforced with glass fiber. 
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Patentanspruche 

1. Magnetanordnung fur einen supraleitenden Ma- 
gneten, enthaltend einen Kryogenbehalter mit ge- 

g enObertie q enden ersten und zweiten Endflan- 

schen (24), einerausseren zylindnschen Wand (20) 
mit ersten und zweiten Enden, die auf entsprechen- 
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de Weise mit den ersten und zweiten Endflanschen 
verbunden sind, einer inneren zylindrischen Wand 
(22) mit ersten und zweiten Enden, die auf entspre- 
chende Weise mil den ersten und zweiten Endflan- 
schen verbunden sind, wobei die innere zylindri- 
sche Wand (22) von der ausseren zylindrisclien 
Wand (20) umgeben ist, eine l<reiszylindrisclie in- 
nate Spulenhalterung (27) in dem Behalterfur eine 
erste Magnetspule enthalten ist und eine krelszylin- 
drische aussere Spulenliaiterung (29) in dem Be- 
halter fur eine zweite Magnetspule enthalten ist; 

die aussere Spulenhalterung eine erste Um- 
fangsvertiefung aufweist, die in ihrer ausseren 
Oberfiache ausgebildet ist; 
die innere Spulenhalterung eine erste Um- 
fangsvertietung aufweist, die in ihrer ausseren 
Oberfiache ausgebildet ist; 
die erste Magnetspule, die durch die innere 
Spulenhalterung gehaltert ist, eine Hauptma- 
gnetspule (36a,b,c) ist, die in der ersten Unn- 
fangsvertiefung angeordnet und direkt auf die 
innere Spulenhalterung gewickelt ist; 
die zweite Magnetspule, die durch die aussere 
Spulenhalterung gehaltert ist, eine Gegenma- 
gnetspule (38) Ist. die in der ersten Umfangs- 
vertiefung angeordnet und direkt auf die aus- 
sere Spulenhalterung gewickelt ist; 
wobei die inneren und ausseren kreiszylindrl- 
schen Wande aus einem ersten Material her- 
gestellt sind, das einen ersten thermlschen 
Ausdehnungskoeffizienten hat, und die inneren 
und ausseren Spulenhalterungen aus eInem 
zweiten Material hergestellt sind, das einen 
zyveiten thermlschen Ausdehnungskoeffizien- 
ten hat, 

dadurch gekennzeichnet, da3 

der zweite thermische Ausdehnungskoeffizient 
klelner als der erste thermische Ausdehnungs- 
koeffizient ist; 

die ersten und zweiten Endflansche jeweils zu- 
einander konzentrische erste und zweite ring- 
formige Vertief ungen haben, die auf einer inne- 
ren Flache von ihnen ausgebildet sind, wobei 
die erste ringformige Vertletung einen Radius 
hat, der kleiner als der Radius der zweiten fing- 
formigen Vertiefung ist, 

die kreiszylindrische aussere Spulenhalterung 
erste und zweite Enden hat, die in die zweiten 
ringformigen Vertiefungen der ersten bzw. 
zweiten Endflansche eingesetzt sind; und 
die kreiszylindrische innere Spulenhalterung 
erste und zweite Enden hat, die in die ersten 
ring formi g en Vertiefun g en der ersten bzw. 



2. Magnetanordnung nach Anspruch 1 , wobei die aus- 
sere Spulenhalterung (29) eine zweite Umfangs- 
vertiefung aufweist. die auf ihrer ausseren Oberfia- 
che ausgebildet ist, und die innere Spulenhalterung 

s (27) eine zweite Umfangsvertiefung aufweist, die 
auf ihrer ausseren Oberfiache ausgebildet ist, und 
wobei eine weitere Hauptmagnetspule in der zwei- 
ten Umfangsvertiefung in der inneren Spulenhalte- 
rung angeordnet ist und eine weitere Gegenma- 

10 gnetspule in der zweiten Umfangsvertiefung in der 
ausseren Spulenhalterung angeordnet ist. 

3. Magnetanordnung nach Anspruch 1 , wobei die er- 
sten und zweiten Enden der ausseren zylindrischen 

IS Wand an einem radial ausseren Umfang der ersten 
bzw. zweiten Flansche angeschweiBt sind (W1,W2) 
und die ersten und zweiten Enden der inneren zy- 
lindrischen Wand an einem radial inneren Umfang 
von den ersten bzw. zweiten Endflanschen ange- 

20 schweiBt sind. 

4. Magnetanordnung nach einem der vorstehenden 
Anspruche, wobei eine Verriegelung (30) an dem 
ersten Endflansch durch ein mit Gewinde versehe- 

25 nes Befestigungsglled (44) befestigt ist, die Verrie- 
gelung einen Vorsprung hat, der an einem Abschnitt 
von der inneren Spulenhalterung aniiegt und eine 
axlale Verschlebung von dem Abschnitt der inneren 
Spulenhalterung in einer Rfchtung von dem ersten 

30 Endflansch weg blockiert. 

5. Magnetanordnung nach einem der vorstehenden 
Anspruche, wobei ein Keil (34) an dem ersten End- 
flansch angeschwei3t ist (W3), der Keil einen Vor- 

3S sprung hat, der in eine Vertiefung (46)passt, die in 
einem Abschnitt von der ausseren Spulenhalterung 
ausgebildet Ist. und eine axiale Verschlebung von 
dem Abschnitt der ausseren Spulenhalterung in ei- 
ner Richtung von dem ersten Endflansch weg blok- 

40 kiert. 



Magnetanordnung nach einem der vorstehenden 
Anspruche, wobei ein Keil (32) an dem ersten End- 
flansch durch erste und zweite Gewinde-Befesti- 
gungsglieder (42) befestigt ist, wobei der Keil so ge- 
formt und angeordnet ist, da3 ein erstes Ende von 
dem keil in eine Vertiefung (48) in der inneren Spu- 
lenhalterung vorsteht und ein zweites Ende von 
dem Keil in eine Vertiefung (50) in der ausseren 
Spulenhalterung vorsteht, wobei der Keil eine rela- 
tive Umfangsverschiebung von der zweiten Ma- 
gnetspule und der ersten Magnetspule verhindert. 



45 



so 



zweiten Endflansche eingesetzt sind. 



7. Magnetanordnung nach einem der vorstehenden 
55 Anspruche, wobei das erste Material eine Metallle- 

g ierun q und das zweite Material ein verstarktes E p- 

oxid ist. 
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8. Magnetanordnung nach Anspruch 7, wobei das er- 
ste Material Alumlnlumlegierung und das zweite 
Material ein mit Gtasfaser verstarktes Epoxid ist. 



Revendications 

1, Assemblage d'aimants pour un almant supracon- 
ducteur comprenant une cuve cryog6nique ayant 
des premiere at deuxl6me brides d'extr6mit6 (24) io 
opposees, une parol ext6rieure cylindrique (20) 2. 
ayant des premiere et deuxidme extrdmites con- 
nectees respecttvement aux premiere et deuxi^me 
brides d'extrdmitd, une paroi intdrieure cylindrique 
(22) ayant des premiere et deuxiSme extr6mlt6s ^5 
connect6es respectivement aux premiere et 
deuxl^me brides d'extr^mlt^, la paroi int^rieure cy- 
lindrique (22) ^tant entouree par la paroi extdrieure 
cylindrique (20), un support int^rieur cylindrique et 
circulaire (27) de bobine 6tant contenu dans la cuve 20 
pour une premiere bobine d'6lectro-aimant, et un 
support extdrieur cylindrique et circulaire (29) de 
bobine dtant contenu dans la cuve pour une deuxid- 
me bobine d'electro-aimant; 3. 

25 

le support exterieur de bobine ayant une pre- 
midre rainure clrconf^rentielle r6alisde sur sa 
surface extdrieure; 

le support int^rieur de bobine ayant une pre- 
miere rainure circonferentielle rdalis^e sur sa 30 
surface extSrieure; 

la premiere bobine d'electro-aimant soutenue 
par le support intdrieur de bobine 6tant une bo- 
bine princlpale (36a, b, c) dispos6e dans la pre- 4. 
mi6re rainure circonferentielle et enroulee dl- 3S 
rectement sur le support int^rieur de bobine; et 
la deuxidme bobine d'electro-aimant soutenue 
par le support exterieur de bobine dtant une bo- 
bine de compensation (38) dispos6e dans la 
premiere rainure circonferentielle et enroul6e 40 
directement sur le support exterieur de bobine; 
les parois cylindriques interieure et exterieure 
etant faites d'un premier materiau pr6sentant 
un premier coefficient de dilatation thermique, S. 
et les supports interieur et exterieur de bobine 45 
etant faits d'un deuxieme materiau presentant 
un deuxieme coefficient de dilatation thermi- 
que, caracterise en ce que le deuxieme coeffi- 
cient de dilatation thermique est interieur au 
premier coefficient de dilatation thermique; 
les premiere et deuxieme brides d'extremlte 
comportent chacune des premiere et deuxieme 
rainures annulaires mutuellement concentri- 
ques reaiisees sur une face interieure de eel- 6. 
les-ci, la premiere rainure annulaire ayant un ss 
ra yon interieur au ravon de la deuxieme rainure 



bobine ayant des premiere et deuxieme extre- 
mites inserees dans les deuxiemes rainures 
annulaires des premiere et deuxieme brides 
d'extremlte, respectivement, et 
le support interieur cylindrique et circulaire de 
bobine ayant des premiere et deuxieme extr6- 
mites inserees dans les premieres rainures an- 
nulaires des premiere et deuxieme brides d'ex- 
tremlte, respectivement. 

Assemblage d'aimants selon la revendicatlon 1, 
dans lequel le support exterieur (29) de bobine 
comports une deuxieme rainure circonferentielle 
realisee sur sa surface exterieure et le support in- 
terieur (27) de bobine comporte une deuxieme rai- 
nure circonferentielle r6alis6e sur sa surface exte- 
rieure, et dans lequel une bobine principale suppie- 
mentaire est disposee dans la deuxieme rainure cir- 
conferentielle du support interieur de bobine et une 
bobine de compensation suppiementaire est dispo- 
see dans la deuxieme rainure circonferentielle du 
support exterieur de bobine. 

Assemblage d'aimants seion la revendication 1. 
dans lequel les premiere et deuxieme extremit6s de 
la paroi exterieure cylindrique sont soud6es (W1 , 
W2) e une peripherle radlalement exterieure res- 
pectivement des premiere et deuxieme brides d'ex- 
tremlte, et les premiere et deuxieme extremltes de 
la paroi Interieure cylindrique sont soudees e une 
peripherle radlalement interieure respectivement 
des premiere et deuxieme brides d'extremlte. 

Assemblage d'aimants selon I'une quelconque des 
revendications prec6dentes, dans lequel un loquet 
(30) est fixe & la premiere bride d'extremlte a Taide 
d'un disposltif de fixation filete (44). te loquet com- 
portant une saillie qui prend appul sur une partie du 
support Interieur de bobine et bloque le deplace- 
ment axial de la partie du support interieur de bobi- 
ne dans une direction s'eiolgnant de la premiere bri- 
de d'extremlte. 

Assemblage d'aimants selon I'une quelconque des 
revendications pr6cedentes, dans lequel une cla- 
vette (34) est soudee (W3) h la premiere bride d'ex- 
tremlte, la ciavette comportant une sailile qui s'ajus- 
te dans une cavlte (46) realisee dans une partie du 
support exterieur de bobine et bloque le deplace- 
ment axial de la partie du support exterieur de bo- 
bine dans une direction s'eiolgnant de la premiere 
bride d'extremlte. 

Assemblage d'aimants selon I'une quelconque des 
revendications pr6c6dentes, dans lequel une cla- 
vette (32) est fix6e 6 la premiere bride d'extremlte 



annulaire; 

le support exterieur cylindrique et circulaire de 



e I'aide d'un premier et d'un deuxieme dispositifs de 
fixation filetes (42), la ciavette etant con9ue et agen- 
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c6e de telle sorte qu'une premiere extr6mlte de la 
clavette fait saiilie dans une rainure (48) du support 
interieur de bobine et qu'une deuxidme extremity 
de la clavette fait saiilie dans une rainure (50) du 
support ext6rieur de bobine, la clavette empSchant s 
le d^placement relatif circonferentiel de la deuxi6- 
me bobine d'dlectro-aimant et de la premiere bobi- 
ne d'dlectro-aimant. 

7. Assemblage d'aimants selon I'une quelconque des io 
revendicationsprec^dentes, dans lequel le premier 
mat^rlau est un alliage mdtallique et le deuxidme 
mat^rlau est un dpoxyde renforcd. 

8. Assemblage d'aimants selon la revendicatlon 7, ^5 
dans lequel le premier matdriau est un ailiage d'alu- 
mlnium et le deuxi^me matdrlau est un dpoxyde 
renforc6 par de la fibre de verre. 

20 
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